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VERDAD GRAS NOTIFICATION 

I GRAS Exemption Claim 

A. Claim of Exemption From the Requirement for Premarket Approval Pursuant to 
Proposed 21 CFR §170.36(~)(1) [62 FR 18938 (17 April 1997)l 

PURAC has determined that VERDAD, as defined in the report in Appendix I entitled. 
“EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY 
RECOGNIZED AS SAFE (GRAS) STATUS FOR THE PROPOSED FOOD USES OF 
VERDAD”, dated December 7, 2007, is Generally Recognized As Safe (GRAS), consistent with 
Section 201(s) of the FederalFood, Drug, and Cosmetic Act. This determination is based on 
scientific procedures as descnbed in the following sections, under the conditions of its intended 
use in food, among experts qualified by scientific training and expertise. Therefore, the use of 
VERDAD in food as described below is exempt from the requirement of premarket approval. 

Signed, 

/@ 
Date / 

 
Jeann eVerbart 
PURAC 
Arkelsedijk 46. P.O. Box 21 
4200 AA Gonnchem, The Netherlands 

B. 

PURAC 
Arkelsedijk 46, P.O. Box 21 
4200 AA Gorinchem. The Netherlands 

C. 

Corn, cane, or beet sugar cultured with Lactobacillus paracasei subsp paracasei. Bacillus 
coegulans and Propionibacterium freudenreichii subsp shermanri. 

D. 

PURAC intends to market VERDAD as a flavoring agent and antimicrobial agent in the United 
States at the same use-levels and in the same meat and poultry products as those already 
permitted in the US. for sodium lactate and potassium lactate, including fresh meats (beef, 
lamb and goat, organ meats, pork, veal), fresh poultry (chicken, duck, other poultry, turkey), 
meat products (bacon, frankfurters, ham, luncheon meats, processed meat products), and 

Name and Address of NotiRer 

Common Name of the Notified Substance 

Conditions of Intended Use in Food 
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VERDAD GRAS NOTIFICATION 

poultry products (processed poultry products) [see Appendix I -=PERT PANEL CONSENSUS 
STATEMENT CONCERNING THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS 
FOR THE PROPOSED FOOD USES OF VERDAD]. 

The consumption of VERDAD from all proposed food uses was estimated using the proposed 
food uses and use levels in conjunction with food consumption data included in the National 
Center for Health Statistics’ (NCHS) 2003-2004 National Health and Nutrition Examination 
Surveys (NHANES) (CDC, 2006; USDA, 2006). 

Approximately 93.7% of the total U.S. population was identified as consumers of VERDAD from 
the proposed food-uses (7.748 actual users identified). On an all-user basis, the mean intake of 
VERDAD by the total US. population from all proposed food-uses was estimated to be 
approximately 6 55 glpersonlday or 108.00 mglkg body weighffday. The heavy consumer (90” 
percentile) all-user intake of VERDAD by the total U.S. population from all proposed food-uses 
was estimated to be 12.31 glpersonlday or 207.22 mgkg body weighvday. Male adults were 
determined to have the highest mean all-user intake of VERDAD of 8.45 glpersoniday 
(99.08 mglkg body weighffday) and the highest 90th percentile all-user intake of VERDAD of 
15.24 glpersonl day (176.93 mgkg body weighffday). 

E. 

Pursuant to 21 CFR 5 170.30, PURAC has determined that the proposed use of VERDAD IS 

Generally Recognized as Safe on the basis of scientific procedures (US. FDA, 2007a) This 
determination is based on the views of experts who are qualified by scientific training and 
experience to evaluate the safety of VERDAD as a component of food. VERDAD consists of a 
blend of organic acid salts (primarily lactate) and sugars. The safety of the components of 
VERDAD is supported by their regulatory status for use in food in the U.S., common 
consumption in the diet, endogenous presence in the human body, and published animal 
toxicology and clinical studies. [See Appendix I - EXPERT PANEL CONSENSUS 
STATEMENT CONCERNING THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS 
FOR THE PROPOSED FOOD USES OF VERDAD]. 

F. Availability of information 

The data and infonnation that serve as the basis for this GRAS Notification will be sent to the 
US. Food and Drug Administration (FDA) upon request, or will be available for review and 
copying at reasonable times at the offices of 

Basis for the GRAS Determination 

Mr. Mark L. ltzkoff 
Olsson Frank Weeda Terman Bode Matz PC 
1400 Sixteenth St., NW 
Suite 400 
Washington, DC 20036 
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VERDAD GRAS NOTIFICATION 

Should the FDA have any questions or additional information requests regarding this 
notification, PURAC will supply these data and information. 

II. 

A. Identity 

VERDAD IS a light to dark brown liquid with a sweet odor, containing a blend of either sodium or 
potassium organic salts, (primarily lactate, but also containing small amounts of acetate, 
succinate, formate, 2-hydroxybutyrate, and propionate) and sugars (glucose, fructose, and 
polyloligosaccharides, consisting of glucose, galactose, rhamnose, glucosamine. mannose, and 
xylose). 

Common or Usual Name: 

Detailed Information About the Identity of the Substance 

Corn, cane, or beet sugar cultured with Lacfobacihs paracasei 
subsp paracasei, BaciNus coagulans and Propionibacterium 
freudenreichii subsp shermanii. 

A blend compnsed primarily of either lactic acid (propanoic acid), 
2-hydroxy. monosodium salt o t propanoic acid, 2-hydroxy-, 
monopotassium salt. The minor constituents of the blend include 
the sodium or potassium salt of acetic acid, succinic acid. formic 
acid, 2-hydroxybutryic acid, and propionic acid, as well as 
glucose, fructose and poly/oligosaccharides. 

Since VERDAD is a blend of chemical compounds, there is no 
Chemical Abstract Service (CAS) Number that corresponds to 
the food ingredient. Below are the CAS numbers of the 
components with a concentration >0.2% of the formulation of 

Chemical Name: 

Chemical Abstracts 
Service (CAS) Number: 

VERDAD. 

Sodium lactate: 
Potassium lactate: 
L-Lactic acid: 
Sodium acetate: 
Potassium acetate: 
Sodium succinate. 
Potassium sucunate 
Sodium formate: 
Potassium formate: 
Sodium 2-hydroxybutyrate: 
Potassium 2-hydroxybutyrate: 
2-H ydroxybutryate: 

72-17-3 
996-31-6 
79-33-4 
127-09-3 
127-OE2 
150-90-3 
676-47-1 

590-29-4 
No CAS number available 
No CAS number available 
565-70-8 

141-53-7 

000006 
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VERDAD GRAS NOTIFICATION 

Sodium propionate: 
Potassium propionate, 
Glucose. 
Fructose, 

Empirical Formula: Not applicable 

Molecular weight: Not applicable 

Structural Formula. Not applicable 

January 16,2008 

137-40-6 
327-62-8 

57-48-7 
50-99-7 
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VERDAD GRAS NOTIFICATION 

8. Method of Manufacture 

VERDAD is produced by the fermentation of sucrose, originating from sugar cane or beet, or 
dextrose, originating from corn. The substrate is fermented to organic acids, primarily lactic 
acid, by Bacillus coaqulans (6. coagulans) LA-1, Lactobacillus paracasei (L. paracase/? subsp. 
paracasei, or Propionibacterium freudenreichii (P. freudenreichii] subsp. shermanii, or mixtures 
of these microorganisms. These are standard microorganisms commonly used in the food 
industry for the production of enzymes and cheese, and also are used as probiotics. 

Prior to fermentation, the medium is pasteurized to eliminate any residual bactena. During 
fermentation, a suitable base, such as calcium, sodium or potassium hydroxide is added to 
control the pH (pH 6 to 7). The fermentation end product is purified to remove biomass, ions, 
and other impurities, followed by mixing with water or more concentrated cultured sugar and pH 
adjustment to obtain the desired organic acid content as listed in the product specification All 
microorganisms and any enzymes produced are removed in the solid-liquid separation step In 
addition, the conditions in the subsequent processing steps ensure complete pasteurization 
(process temperatures up to 80°C) 

The final products contain a blend of either sodium or potassium organic salts, (primarily lactate, 
but also containing small amounts of acetate, succinate, formate, 2-hydroxybutyrate, and 
propionate) and sugars (glucose. fructose, and poly/oligosaccharides. consisting of glucose. 
galactose, rhamnose, glucosamine, mannose, and xylose) 

January 16.2008 
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VERDAD GRAS NOTIFICATION 

C. 

In order to ensure a consistent produd, PURAC established numerous specification parameters 
of the final ingredient (see Tables 1 and 2), and representative lots of the manufactured product 
are routinely analyzed to venfy that the manufacturing process produces a consistent product 
within final product physical, chemical. and microbiological parameters. VERDAD is produced 
in accordance with current Good Manufacturing Practices and meets appropriate food-grade 
specifications, and all raw materials and processing aids used in the manufacture of VERDAD 
are permitted for use in food in the U S.  Furthermore, comprehensive analyses of potential 
residues from the manufacturing process have confirmed the purity of the final product. 

Specifications for Food Grade Material 

January i0,2008 
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VERDAD GRAS NOTIFICATION 

- 
Table 1 Chemical Specifications for VERDAD 

a The sum 01 non-lactate ConsLItuenb 15 at least 1% on a dry weight basts 
’ Poiyldigosacchandes are of varying length and mmpos!tlon. and WnSlSt on average of Glucose (52%). Galadose (20%). 
Rhamnose (9%). Gluwsamlne (8%). Mannose. and Xylose (together 7%) Other sugars are present at levels c0 1% of the total 
produd 
Consbtuenb not listed m Ihe table O t W r  at levels below 0 1% Ewosure to these mnsuhlenls would be below the threshold of 
toximlogical mncem 

bacteria in PURAC 

CFU urlony forming une 
oo(3010 
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VERDAD GRAS NOTIFICATION 

D. Safety of the Microorganisms 

5. coagulans is listed in 21 CFR § 184.1372 as a non-pathogenic and non-toxigenic 
microorganism that is permitted for use in the US. for food production (US. FDA, 2007b). 
B. coagulans also IS designated by the American Type Culture Collection (ATCC) as a Biosafety 
Level 1 microorganism, indicating that it is not known to cause disease in adult humans (ATCC, 
2007). Although sporulation is a known trait for 5. coagulans, sporulation has never been 
observed for the proprietary strain 5. coagulans LA-1 throughout more than 70 years of safe 
use. 

L. paracasei was not recovered in fecal samples of adults provided high doses (up to I O ”  
CFUiday) of L paracasei subsp paracasei and Bificobacterium antmalts subsp lacfis in 
combination suggesting that L. paracasei did not survive during passage through the 
gastrointestinal tract (Larsen et a/., 2006). Furthermore. none of the subjects reported any 
adverse effects assonated with the probiotic supplementation. 

The safety of P. freudenreichrisubsp. shermanii is supported by FDA’s response to a GRAS 
notice for skim milk or dextrose cultured with P. freudenreichii subsp. shermanii for use as an 
antimicrobial agent In various foods (GRN 000128), in which FDA had no questions (US. FDA, 
2003). 

Professor Eric Johnson (Food Research Institute, University of Wisconsin-Madison) reviewed 
the scientific and medical literature and concluded that Lactobacillus paracasei subsp 
paracasei. Bacillus coagulans and Propionibacterium freudenreichii subsp shermanii used in the 
production of VERDAD are not toxigenic or pathogenic. 

111. Self-Limiting Levels of Use 

The use of VERDAD in meat and poultry products is limited to the maximum use-levels already 
permitted for sodium lactate and potassium lactate for use as flavoring agents and antimicrobial 
agents (2% and 4.8%, respectively). 

IV. Basis for GRAS Determination 

The determination that VERDAD is GRAS is on the basis of scientific procedures. [See 
Appendix I - EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY 
RECOGNIZED AS SAFE (GRAS) STATUS FOR THE PROPOSED FOOD USES OF 
VERDAD]. 

January 16.2008 
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VERDAD GRAS NOTIFICATION 
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EXPERT PANEL CONSENSUS STATEMENT CONCERNING 
THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS 

FOR THE PROPOSED FOOD USES OF VERDAD 

December 7,2007 

At the request of PURAC Biochem b v. (PURAC), an Expert Panel (the "Panel") of independent 
scientists, qualified by their relevant national and international experience and scientific training 
to evaluate the safety of food ingredients, was specially convened on 19 September 2007 to 
conduct a critical and comprehensive evaluation of the available pertinent data and information, 
and determine the Generally Recognized as Safe (GRAS) status of VERDAD for use as a 
flavoring agent and antimicrobial agent in meat and poultry products, based on scientific 
procedures. The Panel consisted of the below-signed qualified scientific experts Prof Eric A 
Johnson (University of Wisconsin-Madison), Prof John Doull (University of Kansas) and Dr. Ian 
Munro (Cantox Health Sciences International). Curricula vitae evidencing the Panel members' 
qualifications for evaluating the safety of food ingredients are provided in Attachment 1 

The Panel, independently and collectively, critically examined a comprehensive package of data 
provided by PURAC In addition, the Panel evaluated other information deemed appropriate or 
necessary, including scientific data compiled from the literature and other published sources 
through August 2007 by Cantox Health Sciences International. The information evaluated by 
the Panel included data pertaining to the method of manufacture and product specifications of 
VERDAD, supporting analytical data, the estimated consumption of the components of 
VERDAD based on the proposed uses, and a comprehensive assessment of the available 
scientific literature pertaining to the safety of VERDAD. 

Following critical evaluation of such data and information, the Panel unanimously concluded that 
under the conditions of intended use in traditional foods described herein, VERDAD, meeting 
appropriate food-grade specifications, is GRAS based on scientific procedures VERDAD 
consists of a blend of organic acid salts (primarily lactate) and sugars These compounds are 
either approved for use in food in the U S., are commonly consumed in the diet, or are 
endogenous to the body. The safety of the materials also is supported through published 
animal toxicological studies and clinical studies on the individual components of VERDAD. The 
GRAS status of VERDAD is based on this available published scientific information in relation to 
the intended conditions of use of the ingredient in foods A summary of the basis for the Panel's 
conclusion, excluding confidential information, is provided below 

000014 
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MANUFACTURING, COMPOSITION, AND STABILITY 

VERDAD is produced by the fermentation of sucrose, originating from sugar cane or beet, or 
dextrose, originating from corn. The substrate is fermented to organic acids. primarily lactic 
acid, by Bacillus coagulans (B. coagulans) LA-I , Lactobacillus paracasei (L. paracasei) subsp 
paracasei, or Propionibacterium freudenreichii (P. freudenreichii) subsp. shermanii, or mixtures 
of these microorganisms, These are standard microorganisms commonly used in the food 
industry for the production of enzymes and cheese, and also are used as probiotics. 

B. coagulans is listed in 21 CFR 184.1372 as a non-pathogenic and non-toxigenic 
microorganism that is permitted for use in the U S for food production (U S. FDA, 2007a). 
B. coagulans also is designated by the American Type Culture Collection (ATCC) as a Biosafety 
Level 1 microorganism, indicating that it is not known to cause disease in adult humans (ATCC, 
2007) Although sporulation is a known trait for B. coagulans, sporulation has never been 
observed for the proprietary strain B. coagulans LA-I throughout more than 70 years of safe 
use. 

L paracasei was not recovered in fecal samples of adults provided high doses (up to 10’’ 
CFU/day) of L paracasei subsp paracasei and Bificobacterium animalis subsp lactis in 
combination suggesting that L. paracasei did not survive during passage through the 
gastrointestinal tract (Larsen et a/., 2006). Furthermore, none of the subjects reported any 
adverse effects associated with the probiotic supplementation 

The safety of P freudenreichii subsp shermanii is supported by FDA’s response to a GRAS 
notice for skim milk or dextrose cultured with P. freudenreichii subsp. shermanii for use as an 
antimicrobial agent in various foods (GRN 000128), in which FDA had no questions (U.S. FDA, 
2003) 

Professor Eric Johnson (Food Research institute, University of Wisconsin-Madison) reviewed 
the scientific and medical literature and concluded that B. coagulans, L paracasei, and 
P freudenreichii used in the production of VERDAD are non-pathogenic and non-toxigenic 

Prior to fermentation, the medium is pasteurized to eliminate any residual bacteria During 
fermentation, a suitable base, such as calcium, sodium or potassium hydroxide is added to 
control the pH (pH 6 to 7). The fermentation end product is purified to remove biomass, ions, 
and other impurities, followed by mixing with water or more concentrated cultured sugar to 
obtain the desired organic acid content as listed in the product specification. All microorganisms 
and any enzymes produced are inactivated and removed in the solid-liquid separation step due 
to the pH shock and the high temperatures (65 to 90°C). In addition, the conditions in the 
subsequent processing steps ensure complete pasteurization (process temperatures up to 
80°C) 

00001s 
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All materials used in the manufacturing process are permitted for use in food in the U.S 
Fermentation media components and processing aids are removed through extensive 
purification processes. 

The final products contain a blend of either sodium or potassium organic salts, (primarily lactate, 
but also containing small amounts of acetate, succinate, formate, 2-hydroxybutyrate, and 
propionate) and sugars (glucose, fructose, and poly/oligosaccharides, consisting of glucose, 
galactose, rhamnose, glucosamine, mannose, and xylose). 

PURAC's VERDAD meets appropriate food-grade specifications. In order to ensure a 
consistent product, PURAC established specification parameters for the final ingredients (see 
Tables 1 and 2) Representative lots of the manufactured product, when analyzed, verify that 
the manufacturing process produces a consistent product within final product physical, 
chemical, and microbiological parameters. 

000016 
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amount of organic acids and ethanol using a 
derivation and GLCI 

‘The sum of non-lactate constituents is at least 1% on a dry weight basis 

Rhamnose (gym), Glucosamine (8%). Mannose, and Xylose (together 7%) Other sugars are oresent at levels <O 1% of the total 

b Polyloligosaccharides are of varying length and cnmposlbon, and consist on average of Glucose (52%). Galactose (20%), 

Mesophilic bacteria 

Moulds 

Yeasts 

coliforms 

Escherichia cob 

Salmonella 

Staphylococcus 

product 
Constituents not listed In the table occur at levels below 0 1% Exposure to these constituents would be below the threshold of 
toxicological concern 

< lo0  CFU/g 

4 0  CFU/g 

4 0  CFU/g 

absent in 10 g 

absent in 10 g 

absent in 25 g 

absent in 10 g 

AMCAL004 - Yeasts, moulds, and 
aerobic mesophilic bacteria in PURAC 

IS0 21528.1 2004(E) 

IS0 16649-2 

2000 07 AOAC 

IS0  6888-2 

Table 2 Microbiological Specifications for VERDAD 

Specification Parameter I SDecification I Analvsis Method 
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VERDAD from cane sugar was tested in an accelerated shelf-life study in which samples were 
stored at 40°C with a relative humidity of 75%. Samples were stable for at least 174 days with 
respect to the following parameters, organic acid salts expressed as total lactates salts, color, 
pH, total residual sugars expressed as glucose, dry solids, and lead, indicating that VERDAD 
from cane sugar is stable for a period of at least 1 year at ambient temperature and normal 
humidity levels As the composition of VERDAD from cane sugar is similar to VERDAD from 
corn sugar and beet sugar, the stability of the products is similar 

REGULATORY STATUS 

The current regulatory status of the components of VERDAD in the U S  is as follows: 

Sodium Lactate and Potassium Lactate 

Sodium lactate and potassium lactate are approved in the U.S. for use as an antimicrobial agent 
in various meat and meat food products, poultry and poultry food products, except infant formula 
and infant food, at levels not to exceed 4 8% of the total formulation (9 CFR 424) (U.S. FDA, 
2007b). Sodium lactate and potassium lactate are also approved in the US. for use as a 
flavoring agent in various meat and meat food products, poultry and poultry food products, 
except infant formula and infant food, at levels not to exceed 2% of the total formulation (9 CFR 
424) (US. FDA, 2007b). As flavoring agents, sodium lactate and potassium lactate are to be 
used in accordance with the regulations listed in 21 CFR 184.1768 and 21 CFR 184.1639, 
respectively (U S FDA, 2007a). Sodium lactate and potassium lactate also are affirmed to be 
GRAS as a direct food substance to be used in food as an emulsifier, a flavor enhancer, a 
flavoring agent or adjUVant, a humectant, and a pH control agent with no limitation other than 
current good manufacturing practices (cGMP) (21 CFR 184.1768 and 21 CFR 184 1639) (US 
FDA, 2007a) Lactic acid is affirmed as GRAS as an antimicrobial agent, curing and pickling 
agent, flavor enhancer, flavoring agent and adjuvant, pH control agent, and as a solvent and 
vehicle, with no limitation other than cGMP (21 CFR 184.1061) (U S FDA, 2007a). 

Organic Acids 

Acetic acid is approved as a direct food substance affirmed as GRAS (21 CFR184 1005) (US. 
FDA, 2007a), to be used at maximal levels of 0.6% in meat products. Furthermore, sodium 
diacetate, sodium acetate, and potassium acetate are approved in the U S for use as an 
antimicrobial or flavoring agent in various meat and poultry products at levels not exceeding 
0.25% of the total formulation (U S FDA, 2007a.b; USDA, 2007). Although succinate does not 
have regulatory status for use in food in the U.S., dimethyl succinate and diethyl succinate are 
approved as synthetic flavorings and adjuvants permitted for direct addition to food for human 
consumption at levels in accordance with cGMP (21 CFR 172.515) (U.S. FDA, 2007a). Sodium 
formate and formic acid are approved as indirect food substances affirmed as GRAS and are to 
be used at levels not to exceed cGMP (21 CFR 186.1756 and 21 CFR 186 1316, respectively) 

5 
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(U S FDA, 2007a). 2-Hydroxybutyrate (also known as o-hydroxybutyrate) does not have 
regulatory status for use in food in the U S It is an endogenously-produced compound and is 
structurally related to a fatty acid present in fats and oils that is consumed regularly in the diet. 
Propionic acid is approved as a direct food substance affirmed as GRAS with no limitation of 
use other than cGMP (21 CFR 184.1081) (U S. FDA, 2007a) 

Sugars 

Glucose from corn is permitted as a direct food substance affirmed as GRAS with no limitations 
other than cGMP (21 CFR 184.1857) (U.S. FDA, 2007a). High fructose corn syrup, which is up 
to 55% fructose, is permitted as a direct food substance affirmed as GRAS with no limitations 
other than cGMP (21 CFR 184.1866) (U S FDA, 2007a). Galactose is one of the dominant 
monosaccharides present in arabinogalactan, furcelleran, and carrageenan, all of which are 
food additives permitted for direct addition to food for human consumption with no limitations 
other than cGMP (21 CFR 172,610, 172 655, 172.620, respectively) ( U S  FDA, 2007a) 
respectively) Gellan gum, which primarily consists of rhamnose, is a food additive permitted for 
direct addition to food for human consumption with no limitations other than cGMP (21 CFR 
172.665) (U S FDA, 2007a), as well as xanthan gum, which primarily contains mannose (21 
CFR 172 695) (US. FDA, 2007a) Xylose and glucosamine do not have regulatory status for 
use in food within the U.S 

INTENDED USE AND ESTIMATED EXPOSURE OF VERDAD 

Intended Use and Use-Levels 

VERDAD is intended for use at the same levels and in the same meat and poultry products as 
those already approved for sodium lactate and potassium lactate The proposed food uses and 
use-levels of VERDAD are provided in Table 3. Because it is intended for use as replacement 
for sodium lactate and potassium lactate as a flavor enhancer and preservative. the proposed 
use of VERDAD is not expected to affect the current dietary intakes of sodium, potassium, and 
lactate. 
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Table 3 Summary of the Individual Proposed Food-Uses and Maximum Use-Levels 
for VERDAD in the U.S. 

Proposed Food-Uses Maximum Use-Levels (%) 

I Beef I 4 8  

Fresh Meats 

Fresh Poultry 

I 
Lamb and Goat 

Organ Meats 

Pork 

4 8  

4 8  

4 8  

I Veal 4 8  

I Chicken I 4 8  

Natural Occurrence and Dietary Consumption 

Sodium 

I 

The primary form of sodium in the diet is sodium chloride (NaCI), the majority of which is 
consumed as a result of food processing (IOM, 2004a) Other dietary forms of sodium include 
monosodium glutamate (MSG) and food additives such as sodium benzoate, sodium nitrite, 
sodium acid pyrophosphate, sodium bicarbonate, and sodium citrate 

The dietary intakes of sodium by men and women in the U S , based on self-reported intake 
data, are 3 1 to 4.7 g/day (135 to 204 mmol/day) and 2.3 to 3 1 g/day (100 to 135 mmol/day), 
respectively (IOM, 2004a) These values may underestimate sodium intake as they do not 
include salt added at the table Total sodium intake in the U S. based on urinary sodium 
excretion measurements has been estimated to be 183 and 142 mmol (4.2 and 3 3 g)/day in 
men and women aged 40 to 59 years, respectively. 

The tolerable upper limit (UL) for sodium, established by the Food and Nutrition Board of the 
Institute of Medicine (IOM). ranges from 1.5 to 2.2 g/day for children. and is 2 3 g/day for 
adolescents and adults (IOM, 2004a) These values are based on the effects of sodium on 
blood pressure. 

Duck 

Other Poultry 

Turkev 
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4 8  

4 8  

4 8  

7 

Meat Products 

Bacon 4 8  

Frankfurters 4 8  

Ham 4 8  

Luncheon Meats 4 8  

Processed Meat Products 

POUltN Products I Processed Pouitw Products 

4 8  

4 8  



Potassium 

In unprocessed foods, potassium occurs mainly in association with bicarbonate-generating 
precursors like citrate, and to a lesser extent with phosphate In foods to which potassium is 
added in processing and in supplements, the form of potassium is potassium chloride In 
addition to dietary sources, potassium is also commonly found in over-the-counter supplements, 
where the maximum amount of potassium is 0.099 g (2 5 mmol) (PDRNS, 2001) 

The dietary intakes of potassium by men and women in the U S  are 1.9 to 3.2 g/day (74 to 
82 mmol/day) and 2.1 to 2.3 glday (54 to 58 mmol/day), respectively (IOM, 2004b). 

A UL was not established for potassium since intake from foods poses no risk to healthy 
individuals with normal kidney function as excess potassium IS readily excreted in the urine. 
The adequate intake (AI) values for potassium, established by the IOM, range from 0.4 to 
0 7 glday in infants, 3 0 to 4 7 g/day in children and teenagers, and 4.7 to 5.1 g/day in adults 
(IOM, 2004b) 

Lactate 

Lactate or lactic acid is a normal intermediary metabolite of mammalian metabolic processes 
formed primarily from muscular activity and is found in blood at concentrations of 80 to 
170 mg/L. It has been estimated that the daily turnover of lactic acid is approximately 2 g/kg 
body weight (FASEB, 1978). Lactic acid has been identified in a variety of foodstuffs (dairy 
products, fruit, breads, tea, coffee) especially those products that are fermented (/.e., cheese, 
yogurt, beer, and wine) (Maarse and Visscher, 1992). The per caprta consumption of lactic acid 
from natural food sources was previously calculated in the GRAS notification for PURAC's 
potassium lactate products, and was estimated to be 603 mg/day (8.61 mg/kg body weightlday) 
by multiplying the estimated concentration in a specific food by the per capita disappearance of 
that food (USDA, 1992). 

Organic Acids and Sugars 

Acetic acid is the major component of naturally fermented vinegar Formic acid is present in 
fruits (including apples, strawberries, and raspberries) and honey. Also, propionate is 
commonly found in cheese Fructose is present in many commonly consumed foods, including 
fruits and vegetables 

Glucose, galactose, rhamnose, mannose, and xylose have been reported to be byproducts of 
carbohydrate fermentation in the large intestine in rats fed diets containing maize starch, wheat 
bran, guar gum, pectin, and beet fiber (Nyman and Asp, 1982). Xylose is a wood sugar that 
occurs in various fruits and vegetables, and may be fermented to the sugar alcohol xylitol, which 
is a sugar substitute Glucosamine is found in a variety of foods (PDRHM, 2004) 
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Estimation of Dietary Intake from the Proposed Food Uses 

Estimates for all-person and all-user intakes of VERDAD for specific demographic groups and 
for the total US. population were calculated based on the proposed food-uses and use-levels in 
conjunction with food consumption data included in the National Center for Health Statistics' 
(NCHS) 2003-2004 National Health and Nutrition Examination Surveys (NHANES) (CDC, 2006, 
USDA, 2006). Approximately 93.7% of the total U S population was identified as consumers of 
VERDAD from the proposed food-uses (7,748 actual users identified) On an all-user basis, the 
mean intake of VERDAD by the total U S. population from all proposed food-uses was 
estimated to be approximately 6.55 g/person/day or 108.00 mg/kg body weightlday (see 
Table 4) The heavy consumer 
population from all proposed food-uses was estimated to be 12 31 g/person/day or 
207 22 mg/kg body weightlday (see Table 5). Male adults were determined to have the highest 
mean all-user intake of VERDAD of 8 45 g/person/day (99 08 mg/kg body weightlday) and the 
highest 90th percentile all-user intake of VERDAD of 15.24 glpersonl day (176.93 mg/kg body 
weightlday) 

Table 4 

percentile) all-user intake of VERDAD by the total U.S 

Summary of the Estimated Daily Intake of VERDAD from All Proposed Food 
Categories in the U.S. by Population Group (2003-2004 NHANES Data) 

Population Group 

Infants 

Children 

Female Teenagers 

Male Teenaaers 

Actual Ail-Person Consumption All-User Consumption 

# o f  . 90lh 9Olh Age % 
Mean Percentile 

(9) (9) 
Percentile Mean Group Users Total (Years) 

(9) Users (e) 
0 to 2 64 4 599 2 15 5 45 2 98 6 19 

3 to 11 98 5 1.268 4 94 7 02 5 02 9 05 

12 to 19 96 4 956 5 26 1 00 5 53 10 18 

12to19 986 985 7 63 13 15 7.78 13 15 

Female Adults 20and Up 9 6 8  2,060 5 36 10 05 5 56 10 11 

Male Adults 20and Up 9 7 5  1,880 8 25 15.04 8 45 15 24 

Total Population All Ages 937 7,748 6 29 12 16 6 55 12 31 

000022 
9 



Table 5 Summary of the Estimated Daily per Kilogram Body Weight Intake of 
VERDAD from All Proposed Food Categories in the U.S. by Population 
Group (2003-2004 NHANES Data) 

Population Group 

Infants 

Children 

Actual All-Person Consumption All-User Consumption 

# of goth goth AgeGroup % 

Percentile Mean Percentile (Years) Users Total Mean 

Users ( w h )  (mglkg) (mg'kg) (mg/kg) 

0 to 2 64.4 599 175 91 448 62 243 91 506 86 

3tO 11 98 5 1.268 184 11 346 30 187 02 348 52 

Female Teenagers 

Male Teenagers 

Female Adults 

12 to 19 96 4 956 92.99 186 20 97 72 187 56 

12to19 98.6 985 118.05 219 19 120.30 220 73 

20and UD 968 2.060 74 20 140 17 76.95 141 50 

Estimation of Consumption of Organic Acids and Sugars from VERDAD 

Estimates of the mean and 90ih percentile intakes of organic acids and sugars contained in 
VERDAD were based on the mean and 90th percentile intakes in male adults (all-users) as to 
represent an overestimate of consumption, as the highest intake values were calculated for this 
population group [Le., for lactate, 80% x 8 45 glpersonlday (mean) and 80% x 15 24 g/person/ 
day (goth percentile)]. These estimates are presented in Table 6 

Male Adults I 20and Up I 97.5 1 1,880 I 96 71 

OOC023 
10 

175 87 99 08 176 93 

Total Population Ail Ages 93 7 7.748 103 73 204 81 108 00 207 22 



1 Table 6 Daily Consumption Estimates for the Components of VERDAD II 

a Expressed as percentage of the final product 

(20%), Rhamnose (9%), Glucosamine (E%) ,  Mannose and Xylose (together 7%) Other sugars are present at levels 
<O 1 % of the total product 

Polyloligosacchandes are of varying length and composition. and consist on average of glucose (52%), Galactose b 

Consumption data and information pertaining to the individual proposed food-uses of VERDAD 
were used to estimate the all-person and all-user intakes of VERDAD for specific demographic 
groups and for the total U.S. population. This type of intake methodology is generally 
considered to be 'worst case' as a result of several conservative assumptions made in the 
consumption estimates For example, it is often assumed that all food products within a food 
category contain the ingredient at the maximum specified level of use It IS highly unlikely that 
all food products included in the intake calculations will contain VERDAD and that VERDAD will 
be used at the maximum permitted use-level in all of the listed products In addition, it is well 
established that the length of a dietary survey affects the estimated consumption of individual 
users Short-term surveys, such as the typical 2- or 3-day dietary surveys, overestimate the 
consumption of food products that are consumed relatively infrequently. 

VERDAD is intended for use as a flavoring agent and anti-microbial agent for which sodium 
lactate and potassium lactate are already approved in the U.S In these applications, VERDAD 
is intended for use as a replacement for sodium lactate and potassium lactate at levels that will 
not exceed the current maximum permitted concentration of sodium lactate or potassium 
lactate. Therefore, the proposed use of VERDAD will not increase the current dietary intakes of 
sodium, potassium, and lactate The other components of VERDAD are permitted for use in 

000024 ,, 



food at levels with no limits other than cGMP, with the exception of 2-hydroxybutyric acid, 
glucosamine, and xylose 

DATA SUPPORTING THE SAFETY OF VERDAD 

Because sodium lactate and potassium lactate are ionic and will dissociate m VIVO, the safety of 
the ions may be considered separately Thus, this report presents a brief overview of the safety 
data pertaining to sodium, potassium, and lactate. When available, data specific to sodium 
lactate and potassium lactate have also been provided The safety of the other organic acid 
and sugar components of VERDAD also is discussed. 

Effects of VERDAD on Shelf-Life and Color 

VERDAD from cane sugar or PURASAL S (PURAC's sodium lactate product already permitted 
for use in the U S.) was incubated with fresh pork loin or chicken breast at 4"C, over 35 and 10 
days, respectively, to compare the effects of VERDAD and PURASAL S on shelf-life and color 
of the meat products. Aerobic bacterial counts were performed at various intervals, and 
spoilage was deemed to occur when the bacterial count was greater than log 6 colony forming 
units per gram of meat The control sample of fresh pork loin was spoiled after 14 days, 
whereas the fresh pork loin samples incubated with VERDAD or PURASAL S were spoiled after 
28 days. Among chicken breast samples, the control sample was spoiled after 2.5 days, 
whereas the samples incubated with VERDAD or PURASAL S were spoiled after 4.5 days. 
These results indicate that VERDAD has similar efficacy as sodium lactate in extending the 
shelf-life of fresh pork loin and chicken breasts Therefore, replacement of sodium lactate with 
VERDAD in meat and poultry products will not affect the safety of the food consumed. 

In addition to their effects on shelf-life, the ability of VERDAD and PURASAL S to alter the color 
of spoiling pork loin was evaluated. After 14 days of storage, the color of the control pork loin 
was no longer acceptable, which coincides with the time at which the product is considered 
spoiled (>log 6 CFU/g). The color of pork loin incubated with 4% VERDAD or 4% PURASAL S 
was no longer acceptable after 28 days, coinciding with the time at which the product was 
considered spoiled (>log 6 CFUIg) Therefore, the addition of VERDAD does not mask 
spoilage, similar to PURASAL S 

As the composition of VERDAD from cane sugar is similar to VERDAD from corn and beet 
sugar, the efficacy of these products is similar. 

Metabolic Fate 

Sodium and potassium both are absorbed in the small intestine. Absorbed sodium is present in 
the extracellular fluid, including plasma, intestinal fluid, and plasma water in concentrations of 
around the 100 mmol/L range Systemic potassium levels are independent of intake due to the 
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renal regulation of potassium balance Sodium and potassium largely are excreted in the urine 
and the balance of their levels is dependent on various hormones and systems. For example, 
the renin-angiotensin-aldosterone axis is stimulated by reduced salt intake, blood volume, or 
blood pressure, and acts to promote sodium retention and reabsorption in the kidney Similarly, 
the sympathetic nervous system is also activated under conditions of sodium depletion and 
suppressed when excess sodium is present. In contrast, atrial natriuretic peptide is released in 
response to elevated blood volume and serves to counteract the renin-angiotensin-aldosterone 
system Sodium homeostasis is also maintained by the kallikrein-kinin system, several 
intrarenal mechanisms, and other factors regulating renal and medullary blood flow. Excess 
potassium is removed by increasing excretion into the urine, whereas, a potassium deficiency 
would result in decreased urinary excretion (Sheng, 2000). Rate of excretion via the kidneys is 
dependent on the secretion of K' by renal tubular cells of the cortical collecting tubules 
(Rodriguez-Soriano, 1995) and is regulated by the hormone aldosterone 

Lactic acid is produced as an intermediate of anaerobic metabolism through the metabolism of 
pyruvate. Orally administered sodium lactate has been reported to achieve maximal absorption 
after 4 hours. Once absorbed, L-lactate may be converted to glycogen. Less than 1% of 
L-lactate is excreted in the urine in comparison to D-lactate, where up to 30% may be excreted 
in the urine 

Toxicological Studies 

Sodium 

Results from several animal studies have demonstrated a strong positive association between 
salt intake and cardiovascular disease, particularly stroke (Coyle, 1988, Chen et a/., 1997) 
Animals fed diets high in sodium (787 to 3,148 mglkg body weighffday) had significantly 
increased blood pressure, incidence of stroke, and susceptibility to infarctions compared to 
those given low-sodium diets (59 to 118 mg/kg body weighffday) 

Animal studies using Helicobacterpylori- (H pylon) infected animals have shown that high-salt 
diets, providing approximately 500 to 3,000 mg Nalkg body weighffday, enhance the gastric 
carcinogenetic effects of H pylon (Fox et a/., 1999; Kato et a/., 2006) Fox et a/. (1999) 
concluded that the high-salt diet worked synergistically with H. py/ofi to accelerate the 
progression of gastric carcinogenesis by creating a hospitable environment for the colonization 
of H. py/on 

The doses used in the high-salt diets in these studies, ranging from 477 to 3,148 mg Na/kg body 
weighffday, would provide a sodium intake for an adult human (weighing 70 kg) of 33 to 
220 g/day These intakes are 7 to 46 times higher than the average male intake of sodium 
within the U.S. population of 4 7 g/day, therefore, the effects observed in these studies are 
unlikely to occur in humans. 
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Potassium 

Specific safety data on potassium lactate were limtted to an ocular irritation study in which New 
Zealand White rabbits instilled into the conjunctival sac of the eye with 0 1 mL 60% aqueous 
solution of potassium lactate were observed up to 7 days (Guillot et a/., 1982). Potassium 
lactate was reported to be slightly irritating. 

The benefits of a high-potassium diet (up to 2,110 mg/kg body weighffday for 6 weeks) against 
hypertension and ischemic stroke in rats have been investigated in several studies (Zhou et a/., 
1999, 2000; Pamnani et a/., 2000; Dorrance et a/., 2007). No adverse effects associated with 
high potassium diets were reported by the study authors. 

Lactate 

Animal studies have demonstrated that various lactate salts or lactic acids are well tolerated In 
short-term studies with lactic acid using rats (1 1 days) and dogs (2.5 months), no effects were 
reported at doses up to 2,000 (rats) or 1,600 (dogs) mglkg body weighffday (Faust, 1910, Furth 
and Engel, 1930). Effects on adrenal cortical activity and organ weights observed in rabbits fed 
120 to 200 mg lactic acidlkg body weighffday were not considered toxicologically significant as 
they were observed with other organic acids or were attributed to an acid-base imbalance 
(Jonek, 1961; Fazekas, 1949,1954). The doses used in the Jonek and Fazekas studies would 
provide an average 70 kg human with 8.4 and 14 g of lactic acidlday, respectively. These 
doses are 14 and 23 times larger than the intake of lactic acid provided from background dietary 
intake of lactic acid; thus, these effects would not be expected to occur in humans. 

In a carcinogenicity study, calcium lactate produced no increases in the incidence of lesions or 
tumors when fed at dietary concentrations of 0 (control), 2.5, or 5% (approximately 0, 2, or 
3.9 g/kg body weighffday) to male and female F344 rats for a period of 2 years (Maekawa et a/., 
1991) Absolute kidney and relative brain weights were increased in some groups of treated 
rats, however, there were no corresponding histopathological changes A no-observed- 
adverse-effect level from this study was determined to be 3 9 glkg body weighffday, the highest 
dose tested, providing 1 6 g lactatelkg body weighffday. 

Sodium lactate solution was shown to be negative for mutagenic activity in various strains of 
Salmonella typhimurium (S. typhimurium), either in the presence or absence of metabolic 
activation, at doses up to 100 mglplate and did not induce structural or numerical chromosomal 
aberrations in a Chinese hamster fibroblast cell line at doses up to 2.0 mg/mL (Ishidate et a/., 
1984). Furthermore, lactic acid and Calcium lactate have shown no mutagenic activity in 
S. typh/mur/um at concentrations up to 2 7% or in Saccharomyces cerewsiae at concentrations 
up to 5.0%, both with and without metabolic activation (Litton Bionetics, 1976) However, lactic 
acid induced chromosomal aberrations in isolated Chinese hamster ovary cells when tested at 
concentrations of 12 mM or greater and pH of 6 or lower, with or without metabolic activation 
These concentrations were shown to produce cytotoxicity (Morita et a/., 1990) 
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Summary 

The data from the available preclinical studies demonstrate that high-salt diets increase the risk 
of cardiovascular disease and induced gastric cancer, however, the high-salt diets administered 
to the animals provided more than 6 times the average salt intake for humans Potassium has 
been shown to have a beneficial effect in terms of reversing or preventing hypertension and 
ischemic stroke without any associated adverse effects. The safety of moderate intakes of 
sodium and potassium is further supported by clinical studies (please see below) 

Lactate has been reported to have low oral toxicity with a lack of adverse effects in feeding 
studies in which up to 3,900 mg/kg body weightlday was administered to rats for 2 years 
Likewise, lactate was proven to be non-genotoxic or mutagenic. 

Clinical Studies 

Sodium 

The major adverse effect associated with increased sodium intake (as NaCI) is elevated blood 
pressure. Numerous clinical intervention trials have been conducted to evaluate the relationship 
between sodium intake and blood pressure. Overall, these indicate that decreased sodium 
intake lowers blood pressure levels, with a more pronounced reduction in hypertensive subjects 
compared to non-hypertensive subjects. In trials that included 3 or more levels of sodium 
intake, a direct, progressive, dose-response relationship was demonstrated in the majority of 
studies (Kirkendall et a/, 1976, Luft et a/, 1979; Sullivan et a/., 1980, Roos et a/., 1985; Fuchs 
et a/., 1987; MacGregor et a/., 1989; Bruun et a/., 1990; Ferri et a/., 1996; Johnson et a/., 2001; 
Sacks et a/, 2001). Results from the largest trial demonstrated a decrease in systolic blood 
pressure by 2.1 mmHg following a reduction in sodium intake from 3.3 g to 2.3 glday (Sacks et 
a/., 2001) An additional decrease in sodium intake to 1.2 g/day resulted in further lowering of 
blood pressure. 

Observational studies generally indicate that higher sodium intake levels may increase the risk 
of cardiovascular disease (CVD), especially stroke (Kagan et a/ . I985 Perry and Beevers, 
1992; Yamori et a/., 1994, Sasaki et a/., 1995, Alderman et a/., 1997; Yang et a / ,  1997) 
Sodium intake may contribute to increased stroke risk through its effects on blood pressure, but 
there also is evidence that sodium may have a direct effect on stroke risk independent of its 
effects on blood pressure (Brahimi et a/., 1995; Tobian and Hanlon, 1990, Perry and Beevers, 
1992; Xie et a/., 1992). 

Although the results of observational studies suggest that higher sodium intake levels increase 
the risk of CVD, there is a lack of well designed clinical trials that investigate the effects of 
dietary sodium reduction on clinical measures of CVD. The IOM stated that these types of 
studies are typically required to provide conclusive evidence of a causal relationship (IOM, 
2004a) 
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Findings from several studies demonstrate that there is a progressive relationship between 
sodium intake (typically measured by urinary sodium excretion) and left ventricular mass 
(Schrnieder et al., 1988, 1990, 1996; du Cailar et al ,  1989, 1992, 2002; Daniels et al., 1990, 
Liebson et a/., 1993, Kupari et a / ,  1994, Gerdts et a/., 1996; Langenfeld et a/., 1998), which is a 
predictor of myocardial infarction, stroke, congestive heart failure, and sudden death. Sodium 
may affect left ventricular mass either directly or indirectly (through its effects on blood 
pressure) 

Increased NaCl intake has been shown to result in elevated urinary calcium excretion in 
numerous intervention studies (Shortt et a/., 1988; Nordin et a/., 1993; ltoh and Suyama, 1996; 
Dawson-Hughes et a / ,  1996). However, as elevated calcium excretion may be accompanied by 
increased intestinal calcium absorption (Breslau et a/., 1982), the influence of sodium intake on 
calcium balance is not clear Studies investigating the effects of sodium intake on markers of 
bone resorption and formation have produced conflicting results (Greendale et a/., 1994, 
Matkovic et a / ,  1995; Devine et a / ,  1995, Jones et a/., 1997). as effects vary among age 
groups, diets, and form of dietary sodium consumed. Increased consumption of sodium may 
also result in the formation of renal stones (Burtis et a / ,  1994; Curhan et a / ,  1997, Stamler and 
Cirillo, 1997; Martini et a/., 2000), as hypercalciuria is a risk factor for renal stone formation 
(Strauss et a/., 1982). 

Studies evaluating the relationship between sodium intake and pulmonary function have 
indicated that in most cases, increased sodium intake is related to bronchial reactivity, 
bronchitis, and asthma (Burney et a/., 1986; Schwartz and Weiss, 1990; Carey et a/., 1993; 
Medici et a/., 1993; Tribe eta/., 1994; Gotshall et a/., 2000;). However, no relationship between 
sodium intake and pulmonary function was reported in studies conducted by Britton et al (1994) 
and Zoia et a/. (1 995) 

In support of the hypothesis that high intake levels of salt leads to destruction of the stomach 
mucosa, rendering it susceptible to invasion by carcinogens (Correa et a/, 1975), a significant 
positive association between salt intake and gastric cancer incidence or mortality has been 
reported in numerous studies (Montes et a / ,  1985; Bernstein and Henderson, 1985; Tsugane et 
a/., 1991; Kneller eta/., 1992; Lee e ta / ,  1995, Joossens et a/., 1996, La Vecchia eta/., 1997; 
Tsubono et a/., 1997; Palli et a/., 2001). However, no association between salt intake and 
gastric cancer was observed in two studies conducted by lkeda et a/. (1988) and Honjo et a/. 
(1994). Due to these opposing results and because the majority of evidence is based on 
epidemiological studies rather than appropriately designed clinical trials, the IOM stated that the 
evidence of the effects on sodium and gastric cancer is unclear in humans (IOM, 2004a). 

As epidemiological studies and clinical trials indicate that the major adverse effect associated 
with increased sodium intake is elevated blood pressure, which in turn, may be a risk factor for 
cardiovascular and renal diseases, an upper tolerable limit for sodium intake was established to 
be 2.3 g/day Based on the proposed uses of VERDAD, the mean and percentile intakes of 
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sodium were estimated to be 1.69 and 3 20 g/person/day, respectively, for male adults The 
intake levels are based on several assumptions, such as VERDAD being used in 100% of the 
proposed meat and poultry products, VERDAD being used at maximum proposed use-levels in 
all products (4 8% on a dry weight basis), and adult male heavy-consumers being the most 
conservative endpoint, which result in an overestimate of the mean and 9OIh percentile 
estimated intakes for sodium. Furthermore, VERDAD is intended for use in the same foods and 
at the same use-levels as those already approved for sodium lactate and potassium lactate as 
an alternative antimicrobial or flavoring agent and will be used as a direct replacement. 
Therefore, resulting intakes of sodium will not be increased compared to current dietary intakes. 

Potassium 

Excess potassium ingestion rarely produces toxicity in healthy individuals with no renal 
impairment because of the kidney's high capacity to excrete K' (Sheng, 2000). However, acute 
intoxication with potassium was estimated by NRC (1980) to occur at sudden increases in 
potassium intake levels of approximately 18 g/adult/day. In individuals with impaired renal 
function or problems with aldosterone activity, excess potassium ingestion may lead to 
hyperkalemia. 

Hyperkalemia p5.5 mmol K'/L plasma) causes depolarization of the membrane resulting in 
muscular weakness and cardiac arrhythmias (Rodriguez-Soriano, 1995). Higher plasma 
concentrations (8 mmol K'/L plasma) may result in cardiac arrest In potassium-deficient 
individuals, hypokalemia may result. Hypokalemia ('3 5 mmol K'IL plasma) causes 
hyperpolarization of membranes, interfering with the normal function of nerves and muscles and 
results in decreased smooth muscle contractility, which under severe conditions can lead to 
cardiac arrhythmias, paralysis, metabolic alkalosis and eventual death (Rodriguez-Soriano, 
1995). 

The majority of the safety data on potassium is related to its beneficial effects on hypeflension. 
In its review of potassium (NRC, 1989). the Committee on Diet and Health reviewed numerous 
epidemiological and animal studies investigating the effect of dietary potassium levels on 
hypertension and concluded that "an intake of '3 5 g/day of elemental potassium is associated 
with a beneficial effect, and no threshold for this effect is known " 

Because increased potassium intakes are considered to have a positive effect on hypertension, 
and there are no reported adverse effects associated with the estimated potassium intakes from 
the proposed uses of VERDAD (4.72 g/day in make heavy-consumers), the consumption of 
potassium contained in VERDAD does not pose a safety concern 
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Lactate 

In humans, calcium lactate supplements of 1 to 5 g/day (approximately 14 to 68 mg lactate/kg 
body weighffday) have been used to supply the daily calcium requirement in adults without 
adverse effects (Lieberman, 1930; Os01 and Pratt, 1973). At a single dose of 10 g 
(approximately 136 mg lactatelkg body weighffday), calcium lactate was reported to produce 
abdominal distress, vomiting, and diarrhea in healthy men (Lieberman, 1930). Newborn infants 
and 4-month-old infants administered 6 g of calcium lactate in a 10% aqueous solution by 
gavage (providing approximately 1,073 and 536 7 mg lactatelkg body weighffday, respectively) 
were reported to have significantly increased serum calcium and mild diarrhea No other 
adverse effects were reported (Durlacher et a/., 1946). 

FASEB (1978) reviewed a number of studies in which lactic acid had been used to acidify infant 
feeding formulas given to full and pre-term infants. These studies involved formulas made with 
either L(+) or DL-lactate, with dose levels ranging from 600 to 1,275 mg/kg body weighffday for 
periods of up to 36 days Most of the studies lacked comparative control groups In the studies 
involving DL-lactate, metabolic acidosis and reduced growth were reported, mostly in pre-term 
infants but also in some full-term infants Reduced growth rate, however, did not occur in the 
absence of metabolic acidosis. The studies involving L(+)- lactate formulas did not report either 
metabolic acidosis or reduced growth rates 

In reviewing the safety of lactic acid and its sodium, potassium, and calcium salts, the Joint 
FAOMlHO Expert Committee on Food Additives (JECFA, 1974) concluded that it was 
"unnecessary to set AD1 limits" for these additives since lactic acid is a normal constituent of 
food and a normal intermediary metabolite in humans. In another review of the safety of lactic 
acid and calcium lactate conducted by the Federation of American Societies for Experimental 
Biology (FASEB, 1978) for the FDA, similar conclusions were drawn by the Select Committee 
indicating that lactic acid and calcium lactate were safe for use by "individuals beyond infancy 
when they are used at levels that are now current or that might reasonably be expected in the 
future". 

The evaluations of lactic acid (and its salts) by JECFA and FASEB indicate that consumption of 
lactate from the proposed uses of VERDAD is safe. 

Other Organic Acids and Sugars 

2-Hydroxybutyrate is produced in mammals by the degradation of the amino acids methionine, 
threonine, homoserine and 2-aminobutyric acid (Landaas, 1975) It has been detected in the 
urine of healthy individuals at levels ranging from 0 10 to 2.68 pg/mL (Shima et a/, 2005) and its 
production is enhanced in diabetics and during lactic acidosis (Shima et a/., 2005; Pettersen et 
a/., 1973). Its isomer, 3-hydroxybutyrate (also known as P-hydroxybutyrate), is a ketone body 
that is generated in the liver from acetyl coenzyme A (CoA) during fasting conditions or in 
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diabetic patients and is used as an energy source by the brain and heart (Stryer, 1995). 
Moreover, butyric acid (a.k a. butanoic acid) is a short-chain fatty acid that occurs as an ester in 
various fats and oils, including butter. It is expected that ingested 2-hydroxybutyrate would be 
cleaved to form butyric acid 

Based on the estimated 90* percentile intake of 15 44 g VERDADlpersonlday for adult male all- 
users, it was estimated that 40 mg 2-hydroxybutyrate/person/day would be consumed under the 
proposed conditions of use Based on the 2006 per capita U S butter consumption, 180 mg 
butyric acidlpersonlday is consumed from butter alone'. The consumption of 2-hydroxybutyric 
acid from VERDAD IS more than 4 times lower the dietary intake of butyric acid from butter 
(Gould, 2007). This indicates that the added 2-hydroxybutyric acid from VERDAD would not 
pose a safety concern 

Glucosamine IS an endogenous aminornonosaccharide synthesized from glucose (PDRHM, 
2004) It is commonly used as a supplement of up to 1,500 mg/day for people suffering from 
osteoarthrttis with little to no adverse events reported, which is 100 times higher than the intake 
of glucosamine of 15 mg/day resulting from the proposed uses of VERDAD 

Acetate, succinate, formate, and propionate are permitted for use in food in the U.S. with no 
limitation otherthan cGMP (21 CFR 184.1005, 21 CFR 172.515, 21 CFR 186.1316, and 21 
CFR 184 1081) (US. FDA, 2007a). Thus, consumption of these organic acids under the 
intended conditions of use is of no safety concern 

Glucose, fructose, galactose, rhamnose, and mannose are either permitted for use in food in the 
US. or are major components of foods that are permitted for use in food in the U.S. Xylose is a 
sugar that is present in a variety of fruits and vegetables and is consumed regularly in the diet 
The estimated intakes of these sugars from the intended uses of VERDAD are well below 
dietary intake levels, therefore, there is no safety concern. 

Summary 

While the preclinical and clinical studies for sodium show that increased salt intake may cause 
cardiovascular disease such as hypertension and stroke, the proposed uses of VERDAD will not 
increase current dietary intakes of sodium, as well as potassium and lactate, because VERDAD 
is intended as a direct replacement for sodium lactate and potassium lactate in meat and poultry 
products Also, preclinical and clinical studies show that consumption of potassium and lactate 
at the proposed levels of use present no safety concern. 

Per capita butter consumption = 4.73 Iblyear On a gram per day basis. (4 73 lbslyear ' 0 454 kg!lb)1365 = 5 88 g 
butterlday Butter contains 3 to 4% butyric aad, therefore daily intake of butyric acid is 5 88 glday * 0 3 or 5 88 glday 
* 0 04, which IS equal to 0 10 to 0 24 g butync acidlday, respectively 
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2-Hydroxybutyrate is produced in mammals from the degradation of several amino acids. 
Furthermore. the estimated intake of 2-hydroxybutyrate resulting from the proposed uses of 
VERDAD is 4.5 times lower than the intakes from butter The other components of VERDAD, 
such as acetate, succinate, formate, glucose, fructose, galactose, rhamnose, mannose, xylose, 
and glucosamine, either have regulatory status within the U S , are major components of foods 
that have regulatory status within the U.S., or are consumed regularly in the diet at higher levels 
than those estimated from the proposed uses of VERDAD. Thus, the consumption of the 
components of VERDAD is expected to be of no safety concern. 

SUMMARY 

VERDAD is produced from fermentation using non-genetically modified bacteria that have a 
long history of safe use in foods. Furthermore, Professor Eric Johnson has concluded that 
these microorganisms are non-toxigenic and non-pathogenic. The final products (in solution) 
contain approximately 50 to 60% sodium lactate or potassium lactate, as well as small amounts 
(4% each) of organic acids (acetate, succinate, formate, 2-hydroxybutyrate, and propionate) 
and sugars (glucose, fructose, and polyloligosaccharides). These compounds are either 
approved for use in food in the U S., are major components of foods with regulatory status in the 
U S , are commonly consumed in the diet, or are endogenous to the body 

Sodium lactate and potassium lactate are expected to be hydrolyzed in vivo into their respective 
components, sodium, potassium, and lactate. These components are absorbed in the small 
intestine and excreted in the urine or utilized within the body for energy or cellular signaling. 

VERDAD is intended for use at the same levels and in the same meat and poultry products as 
those already approved for sodium lactate and potassium lactate for use as a flavoring or 
antimicrobial agent. Because VERDAD is intended as a direct replacement for sodium lactate 
and potassium lactate, the current intakes of sodium, potassium, and lactate will not be affected. 
The mean and 90th percentile all-user intakes of VERDAD in the total US. population were 
estimated to be 6 55 and 15 24 glpersonlday, respectively The estimated intakes of sodium, 
potassium, and lactate, based on adult male all-user heavy-consumer data (the population with 
the highest estimated intakes of VERDAD), were 3.20, 4 72, and 12 19 glpersonlday, 
respectively These values are an over-estimate of the actual levels that would be consumed 
from the use of VERDAD because of several conservative assumptions made in the intake 
estimates. These include assumptions that all of the meat and poultry products in which 
VERDAD is proposed for use will contain the ingredients, and that VERDAD will be used at the 
maximum level. 

The safety of sodium, potassium, and lactate is further supported by the available toxicological 
and clinical studies, which indicate no adverse effects associated with moderate intakes of 
sodium, potassium, and lactate Based on the entirety of the available scientific data, it is 
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concluded that VERDAD is safe for their intended use in food. The data and information 
summarized in this dossier demonstrate that VERDAD, meeting appropriate food-grade 
specifications, would be GRAS based on scientific procedures under the conditions of intended 
use in foods, as described herein. 
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CONCLUSION 

We, the Expert Panel, have independently and collectively critically evaluated the data and 
information summarized above and conclude that VERDAD, meeting appropriate food-grade 
specifications, is Generally Recognized as Safe (GRAS) under the conditions of intended use in 
foods specified herein, based on scientific procedures. 

Prof Enc A Johnson, SC.Du 
University of Wisconsin-Madison 

1 Date 

2-/ d-7 
KMunfo ,  K D  Date 
Cantox Health Sciences International 
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Munro, I.C. 2003. 1. The JECFA Procedure for the Safety Evaluation of Flavoring Substances 2 The 
FEMA GRAS Program for Flavors. Presented at the Safety Assessment of Flavors - Indonesia 
Roundtable, Jakarta, Indonesia. December 9 

Munro, I.C. 2003. Setting Tolerable Upper Intake Levels for Nutrients Presented at The Annual 
European Meeting of The Toxicology Forum, Brussels, Belgium. October 28-30 

Munro, I.C. and Roberts, AS. 2003. The Regulatory Evaluation of Functional Foods and Nutraceuticals - CANTOX Seminar co-sponsored by the Canadian Embassy, September 4, Tokyo, Japan 

Munro, I.C. 2003. Key Elements in Developing a Global Regulatory Strategy Presented at the 
International Food Technologists’ Pre-Annual Meeting Program ‘International Regulatory Approval of 
Food Ingredients and Dietary Supplements”, July 11-12, Chicago. IL 

Munro, I.C. 2003. Managing and Interpreting Vitamin and Mineral Science. Presented at the EANS 
oneday workshop on “Risk Assessment and Beyond Vitamins and Minerals’, April 30, Brussels. 
Belgium 

Munro, I.C. 2003. Setting Tolerable Upper Intake Levels for Nutrients Presented at the National 
Inshtute of Nutrition (NIN) - Annual Meeting, April 28, Toronto, ON 

Munro, I.C. 2003. Setting Tolerable Upper Intake Levels for Nutnents Presented at lLSl North America 
- Understanding Tolerable Upper Levels Workshop, Apnl23-24. Washington, DC 

Munro, I.C. 2003. Managing and Interpreting Vitamin and Mineral Science Presented at the European 
Academy of Nutritional Sciences (EANS) one-day workshop ~ Risk Assessment and Beyond Vitamins 
and Minerals. April 20. Brussels, Belgium 

Munro. I.C. 2003. The Threshold of Toxicological Concern Concept. Presented at the lLSl Europe 
Workshop on Structure-based Thresholds of Toxicological Concern. Guidance for Applicabon to 
Substances Present at Low Levels in the Diet, March 2021, Vienna, Austria 

Munro, I.C. 2003. Current Dietary Supplement Safety Issues. Presented at the Food and Drug Law 
Institute’s Conference: Dietary Supplements At a Crossroads, January 15-17, Washington, D C 

Munro, I.C., Hlywka, J., and Reid, J. 2003. Determining Unintended Heanh Effects of Biotechnology 
Denved Foods Presented at the Workshop of the Committee on ldenhfying and Assessing the 
Unintended Effects of Genetically Engineered Foods on Human Health, The National Academies. 
January 7, Washington. D C 

Munro, IC.. and Roberts, A S .  2002. Functional Fwds and Nutraceuticals -- How to Launch 
Nutraceuticals on the U S. Market. A workshop conducted by Dr. Ian Munro and Dr Ashley Roberts in 
association wth Archimex, November 26. Pans, France. 

15 



Munro, I.C. 2002. Setting Tolerable Upper Intake Levels for Nutrients. Presented at the workshop on 
'Dietary Reference Intakes and Discretionary Fortification". Sponsored by the Committee on Use of 
Dietary Reference Intakes in Nutrition Labelling of the Food and Nutrition Board, Institute of Medicine, 
November 21, Washington. DC 

Munro, I.C. 2002. Setbng Tolerable Upper Intake Levels for Nutrients. Presented at the American 
Dietetic Association, Food & Nutrition Conference & Exhibition 2002, October 21, Philadelphia, PA 

Munro, I.C. 2002. Regulatory and Safety Requirements for Obtaining GRAS Status. Presented at the 
American College of Nutrition's 43* Annual Meeting, October 3. San Antonio. TX 

Munro, I.C. 2002. The JECFA Procedure for the Safety Evaluatron of Flavoring Substances. Presented 
at the JECFA Symposium organized by the Japanese Flavor & Fragrance Material's Association 
(JFFMA), September 26, Tokyo, Japan. 

Munro, I.C. 2002. Risks From Acrylamide in Food Presented at the Ceres Roundtable Acrylamide: 
Lessons Learned, Plans Ahead, September 9, VirginiaTech, Alexandna, VA 

Munro, I.C. 2002. The Precautionaly Principle and the Scientific Risk Assessment Process Presented 
at the International Society of Regulatory Toxicology and Pharmacology Meeting, June 21-22. Arlington, 
VA. 

Munro, IC. 2002. OECD/FAO Substantial Equivalence Framework for Whole Food Safety Assessment. 
Presented at the 41* Annual Meeting & ToxExpo. March 17-21, Nashville, TN 

Munro, IC. 2001. Dietary Exposure from Migration of Packaging Materiais Presentation at the Joint 
JRC/ILSI Europe Workshop on Exposure from Food Contact Materials, October 15-16, Ispra. Italy 

Munro, I.C. 2001. Safety Evaluation of Foods Derived from Genetically Modified Crops. Presented at 
the 222"'American Chemical Society Meeting, August 29, Chicago, IL 

Munro, IC. 2001 Appropriate U s e  of Preclinical Date in DNg Development Presented at the Joint 
meeting of the Michigan Chapter of the Society of Toxicology (MISOT) and the Michigan Society for 
Medical Research (MISMR), May 18, Ann Arbor. Michigan. 

Munro, I.C. 2001 Risk Analysis of Food Derived from Genetically Modified Plants Presented at the 
Food and Agriculture Organization of the United Nations' (FAO) 'Seminar on Risk Analysis for Food 
Control. A Practical Approach Through Case Studies" organized jointly with lLSl and the Universlty of 
Brasilia, May 9-7 1, Brasllia, Brazil 

Munro. I.C. 2000. Safety Evaluation of Foods Derived from Genetically Modified Crops Presented at 
the Brazilian Association of Food Industries' "Safety Assessment of Biotechnology Derived Foods" 
seminar, December 5. 6 & 7, Sao Paulo, Brazil. 

Munro. I.C. 2000. Risk Assessment of Packaging Materials Presented at the 2"4 International 
Symposium on Food Packaging Ensuring Safety and Quality of Foods, November 8-1 0 ,  Vienna, Austria 

Munro, I.C. 2000. EUROTOWSOT Debate An evaluation demonstrating that foods denved from GM 
crops are as safe as their traditional counterparts is an appropriate paradigm for assessing the safety of 
genetically modfied foods For the motion: Ian C. Munro (SOT). EUROTOX 2000, XXXVlll European 
Congress of Tomcology. September 17-20, London, England 

Munro, I.C. 2000. Safety of Foods Produced by rDNA Technology Presented at the Institute of 
Medicine/Food and Nutrition Board Meeting. July 20, Woods Hole, MA. 
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Munro, I.C. 2000. Society of Toxicology/EUROTOX Debate Presentation 2000 Society of Toxicology 
Annual Meeting. March 21. Philadelphia, PA. 

Munro. I.C. 2000. Developing Integrated Scientific & Regulatory Strategies, Resolving Complex 
Suentific Issues, and Facilitating Timely Regulatory Approvals TNO Nutrition and Food Research 
institute, February 29, Zeist. The Netherlands. 

Munro, I.C. 2000. Applying a Threshold of Regulation Concept to the Safety Evaluation of Packaging 
Materials Nutripadc Food & Beverage Packaging Congress, January 26-27, Pans, France. 

Munro, I.C. 1999. Key Safety Issues in Bnnging a Functional Food or Nutraceutical to Market 
Nutraceutical Opportunibes Summit, December 8-9, Toronto, Ontano. 

Munro, I.C. 1999. The Concept of Thresholds in Safety Assessment lLSl Europe Workshop on 
Threshold of Toxicological Concern for Chemical Substances Present in the Diet, October 5-6, Pans 
France 

Munro, I.C., Bechtel, D., Schinkel, H., and McColl, D. 1999. Functional Foods International 
Compansons of the Saentmic and Regulatory Attributes Affecting Product Development and Market 
Access 

Munro, I.C., McColl, D., Bailey, R., Coutrelis, N., and Schinkal, H. 1999. Special Forum. International 
Regulatory Issues in Marketing Functional Foods Barriers and Opportunlties Institute of Food 
Technologist's Annual Meeting, July 24-28, Chicago, IL 

Munro, I.C. 1999. 1) Safety Assessment of Process Flavors 2) Perspective of the Food and Nutrition 
Boards Subcommittee on Upper Reference Levels of Nutrients. 1999 Annual Summer Meeting of The 
Toxicology Forum, July 12 - 16, Aspen, Colorado 

Munro, I.C. 1999. The Cruual Role of Safety and Efficacy Principles for Nutraceuticals. Functional and 
Medical Foods - Nutraceutical, Functional & Medical Foods Conference, May 6.7. Toronto, Ontano. 

Munro, I.C. 1999. Assessing the Safety of Flavoring Substances Flavor and Extract Manufacturers' 
Assouahon of the United States - 90nAnnual Convention, May 2-5, Palm Beach, Flonda. 

Munro, I.C. 1999. Concepts in Safety Evaluation of HPV Food Substances. Vision 20/20 Workshop - 
Testsmart - A Humane and Efficient Approach to SlDS Data, Apnl26-27, Fairfax. Virginia. 

Munro, I.C. 1999. Effect of Intake Level on the Safety Evaluation of Flavoring Substances Scientific 
Committee on Fwd  - DGlll - DGXXIV Joint Workshop on Chemically Defined Flavouring Substances, 
March 25, Brussels, Belgium 

Munro, I.C., Bemdt, W., Bonelleca, J., Flamm, G., Lynch, E., Kennepohl, E., Bar, A., and 
Modderman, J. 1999. Erythritol An lnterprebve Summary of the Biochemical, Metabolic, Toxicological 
and Clinical Data Poster presentation at the Society of Toxicology Annual Meeting. March 14-1 8. New 
Orleans, Louisiana 

Munm, I.C. 1998. 1) A Global Perspective on Regulatory Approval for Food Ingredients. Nutraceuticals. 
and Dietary Supplements. 2) Gaining Product Approval in Canada 3) Key Elements in Formulating a 
Global Regulatory Plan International Food Technologist's 1998 Pre-Annual Meeting Continuing 
Education Program #5. June 19 & 20, Atlanta, GA 

Munro, I.C. 1998. FNB Model for Development of Tolerable Upper Intake Levels Presented at the 
European Toxicology Forum Meeting, May 13. Brussels, Belgium. 
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Munro, I.C. 1998. International Perspectives for Ensunng Safe Food Presented at the Institute of 
Medicine, Apnl29. Washington, D.C 

Munro, I.C. 1997. The Development of Tolerable Upper Intake Levels for Nutrients Presented at the 
Insight Informabon Inc. Conference ~ New Nutntion Recommendations - CapRalizing on New 
Opporlunlties. December 11, Toronto, Ontario. 

Munro, I.C. 1997. A Modd for the Development of Upper Levels Presented at the Dietary Reference 
Intakes Conference - New Vision. New Challenges, Ontario Institute for Studies in Education, November 
24. Toronto, Ontano 

Munro, I.C. 1997. A Model for the Development of Tolerable Upper Intake Levels for Nutnents 
Presented at the Calcium Workshop, Program in Food Safety, University of Toronto, October 30, Toronto, 
Ontario 

Munro, I.C. 1997. A Model for the Development of Tolerable Upper intake Levels for Nutnents 
Presented at Dietary Reference Intakes: Calcium. Phosphorus, Magnesium. Wtamin D. and Fluoride 
Workshop, lnstttute of Medicine. September 23. Washington, D.C. 

Munro, I.C., Daniels, J.M., and Lynch, B.S. 1997. A Review of the Safety of Vitamin E6 (Pyndoxine). 
Implications for Determining the Safe Upper Intake from Dietary Supplements. Presented at Vfiamin B6. 
New Data, New Perspectives, Council for Responsible Nutrition. September 6. London, England 

Munro, IC., and Kmes, R. 1997. Application of a Threshold of Regulation Concept in the Safety 
Evaluation of Certain Flavoring Substances Presented at the Forty-ninth Meeting of the Joint FAO\WHO 
Expert Committee on Food Additives. June 17-26, Rome, Italy 

Bechtel, D., Locke, L., and Munro. I.C. 1997. Need for Scientific Substantiation for Functionality of 
Food Components for Health Promotion Presented at the lLSl N.A Workshop - The Future of Functional 
Foods for Health Promotion A Public Health Opportunity7 June 4-5, Washington. D C 

Munro, I.C. 1997. 2,4-D - Safety and Exposure Presented to Poisons Centre staff, academic 
pharmacology staff and postgraduate students at the University of Dunedin, March 13, Dunedin, New 
Zealand 

Munro, I.C. 1997. 2.4-0 -Safety and Exposure Presented to toxicologists and occupational health 
specialists from the New Zealand Ministry of Agriculture and Ministry of Environment, March 12. 
Wellington, New Zealand 

Munro, I.C. 1997. Development of a Procedure for the Safety Evaluation of Flavouring Substances 
Presented at the International Symposium on Flavours and Sensory Related Aspects. March 6-7. 
Cernobbio (Como), Italy. 

Munro, I.C. 1996. 1) Current Issues in the Evaluation of the Safety of Food and Food Ingredients 2) 
issues in the Safety Assessment of CarbohydratelFat Substitutes Presented at the ASCEPT Toxicology 
Workshop, June 17-16, Canberra, Australia 

Munro. I.C. 1995. Interpretive Review of the Potential Adverse Effects of Chlorinated Organic Chemicals 
on Human Heailh and the Enwronment Report of an Experl Panel Presented at Dioxin 95,15th 
International Symposium on Chlonnated Dioxins and Related Compounds. August 21-25. Edmonton 
Alberta 

Munro, I.C. 1995. The Safety Evaluation of Flavonng Substances The GRAS Process. Presented at 
the Second Workshop - Harmonization and Food Safety, Apnl20-21, Hong Kong 
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Munro, IC., McGirr, L.G., Nestmann, E.R., and Kille, J.W. 1994. Macronutrient Substitutes. Safety 
Factor Alternatives And Human Mimetic Models. Thirty-third Annual Meeting of Society of Toxicology, 
Dallas, Texas. 

Munro, I.C., McGIrr, L.G., Nestmann, E.R., and Kille, J.W. 1994. Macronutrient Subatutes 
Alternatives To Traditional Safety Testing. Annual Meeting of Institute of Food Technologists, Atlanta, 
Georgia 

Munm, I.C. 1993. Harmonization of Conventional Toxicology Studies - A Commentary Presented at 
lLSl Conference on RedBook 11, December 16, Washington, DC. 

Munro, I.C. 1993. The Exposure and Toxicity of 2.4-0. Presented at The ToXicology Forum, Aspen, 
CO (July) 

Munm, I.C. 1992 Novel Foods, Workshop on Novel Foods and Novel Food Processes. Presented at 
the Program in Food Safety, Nutrition and Regulatory Affiin. Department of Nutnbonal Sciences. Faculty 
of Medicine, University of Toronto Toronto, Ontario (November) 

Munro, I.C. 1992 Toxicology and Drug Development Managing the Issues Presented to Ciba-Geigy 
Canada Ltd , Mississauga, Ontario (October) 

Munro, I.C. 1992 Adverse Effects and Indoor &r Pollution Presented at the Thirteenth Annual Meeting 
of the American College of Toxicology, San Francisco, CA. (October). 

Munro, I.C. 1992. Toxicology of Benzoyl Peroxide Presented at The Toxicology FoNm, Aspen, CO, 
(July) 

Munro, I.C., 6OKelleCa, J.F., and Squire, RA. 1991. The Safety of Xylitol for Use in Food. Report of 
an Expert Panel 

Munro, IC. 1991. Food Safety Presented at a Food Safety Seminar Embassy of the United States, 
Ottawa, Ontano, Canada 

Munro, IC.. and Orr, J. 1991 Dioxins in Paper Products Canadian Paediatric Society Workshop on 
Infant Diapers 

Munro, I.C., and Orr, J. 1991. The Sacchann Lesson Presented at the Symposium on Chemical 
Carcinogenesis' The Relevance of Mechanistic Understanding in Toxicological Evaluation Berlin, 
Germany. 

Munro, I.C. 1991 Impact of Agricultural Activibes on Health Risks From Drinking Water Presented at 
the Interdisciplinary Symposium on Agnwlture and Water Quality Centre for Sod and Water 
Conservation University of Guelph, Ontario 

Munro, I.C. 1990 Scientific Aspects of the IFBC Report. Presented to the Toxicology FONm 
Washington, DC. 

Munro, I.C.. and Hall, R.L. 1990 Food Safety and Quality - Impact of Biotechnology Presented at the 
Agricultural Biotechnology, Food, Safety and Nutritional Quality for the Consumer Second Annual 
Meebng. Ithaca, New York. 

Munro, I.C. $990 Food Safety and Envimnmental Issues in the year2010. Presented to the Western 
Canadian Wheat Growers' Association, Regina, Saskatchewan. Canada 

Munro, I.C. 1990 B 1989 Issues in Food Safety, "Later in Life Learning Series", Toronto Ontario and 
The Environmental Forum, Belleville, Ontario. 
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Munro, I.C. 1989. Issues to be Considered in the Safety Evaluation of Fat Substitutes Presented at the 
Workshop on Re-evaluation of Toxicity Methodology including Gross Nutrients. Limeletle, Belgium 

Munro. I.C. 1989. Natural Versus Man-Made Presented to the Ontano Institute of Agrologists, Toronto, 
Ontano 

Munro, I.C. Neoplasm Promotion. Prepared for Environmental Health and Safety Council of The 
American Health FwndaUon 

Munm, I.C. 1986 Governmental Approach to Regulatory Prionties and Risk Management of Flavors 
and Fragrances. Presented at The Tenth International Congress of Essential Oils, Fragrances and 
Flavors Washington. DC 

Munro, I.C. 1985 The Role of Toxicology in Strategies for Cancer Prevention. Presented at the 
American Society of Preventive oncology Eighth Annual Meeting, Toronto, Canada 

Munro, I.C. 1985 The Ingredients of Foods: How They are Tested and why They are Selected 
Presented at the lLSl Workshop on Adverse Reactions to Foods and Food Addlives, Orlando, Florida 

Munro, I.C., Goldberg, L., and Farber, E. 1985 Formaldehyde Risk Assessment Report to Ontano 
Ministry of Labour 

Munro, I.C. 1984 Risk Assessment and Environmental Regulation Prepared for the lLSl Symposium 
on Safety Assessment. Tokyo, Japan 

Munro, I.C. 1984. Report to the Royal Commission to Inquire into the Use and Effects of Chemical 
Agents on Australian Personnel in Vietnam 

Munro, I.C. 1983. Artificial Sweeteners (Saccharin) - General Review of Carcinogenicity Data 
Presented at the Third European Toxicology Forum Geneva, Switzerland 

Clayson, D.B., and Munro, I.C. 1983. Safety Evaluation of Low Levels of Toxic Agents in Food with 
Emphasis on Carcinogenesis and Mutagenesis Presented at the International Symposium on the Safety 
Evaluation of Animal DNg Residues. Berlin, Germany 

Munm, I C . .  and Bradshaw, L.R.A. 1983. Government Decision-Making with Incomplete Epidemiologic 
Evidence Presented at the Canadian Society for Clinical Investigations Symposium in Clinical 
Epidemiology Calgary, Alberta. 

Munro, IC. 1983 Overview of Factors that Influence Food Safety Decisions Presented at the 
International Life Sciences Institute Symposium, Safety Assessment: Interface Between Science, Law 
and Regulation. Washington, DC 

1983. The Relevance of Mouse Liver Hepatoma to Human Carcinogenic Risk. Report of a Panel to the 
lnternabonal Expert Advisory Committee to the Nutrition Foundation. 

Munro, IC. 1983 Introductory Remarks Presented at the Toxicology FONm Meeting Arlington, 
Virginia 

Charbonneau, S.M., and Munro, I.C. 1982. Dietary Factors Affecting Pesticide and Xenobiotic Toxicity. 
Presented as a Poster at the Fifth International Congress on Pestiude Chemistry Kyoto, Japan 

Tryphonas, H., and Munro, I.C. 1982 Risk-Benefit Assessment in Immunotoxicology. Presented by 
Mrs. Tryphonas at NATO Advanced Study Institute on Immunotoxicologv. Acadia University. Wolfville, 
Nova Scotia 
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Munro, I.C.. Miller. C.T.. and Krewskl. D. 1982. Regulatory Control of Environmental Chemicals A 
Canadian Viewpcint Presented at the First World Congress on Toxicology and Environmental Health 
Washington, DC 

Munro, I.C. 1982 The Necessity for Compatible Standards Presented at the 1982 Annual Winter 
Toxicology FoNm Meeting. February 15-1 7. Arlmgton, Virginia. 

Munro, IC. 1981. Regulatory Concerns - Overview. Presented at the Fourleenth Annual Symposibm of 
the Society of Toxicology of Canada Montreal, Quebec 

Munro, IC, and Krewski. 1981. R,sk Assessment and Regulatory Dec.sion Making Presented at the 
Tomcology Forum Meeting, August 9-1 3. Vancouver Bntish Columbia 

Munro, I.C. 1981. Risk Assessment and Regulatory Decision Making. Presented at the 64th Chemical 
Conference and Exhibition, Chemical Institute of Canada, May 31-June 3. Halrfax Nova Scotia 

Munro, I.C. 1981 Science and Issues of Food Additive Use Presented at Food Additives Symposim. 
Universlty of Toronto, Faculty of Medicine and Program in Human Nutrition 

Munro, IC.. and Kremki, D.R. 1980 The Role of Risk Assessment in Regulatory Decsion Making 
Presented at the Tnilleenth Annual Symposium of the Society of Toxicology of Canada, December 2-3, 
Montreal, Quebec 

Munro. I.C., and Kremki, D. 1980 The Role of Risk Assessment in Regulatory Decision Making 
Presented al Symposium on Health Risk Analysis. October 27-30, Gallinburg, Tennessee 

Munro, I.C. 1980. Scientific EValJatiOn of Benefit Risk Assessments n Food Safety. Presented at the 
Gordon Research Conference on the Microbiological Safety of Foods, June 16-20, Plymouth. New 
Hampshire 

Munro, I.C. 1980. Regulatory Contro of Carcinogens Presented at the Toxicotogy Forum Meeting. 
FebrJary 28March 1, Arlington. Virginia 

Munro, I.C. 1979. Reproductive Toxicity Presented at the International Course on the Pnnciples and 
Methods in Modern Toxicology, October 22.24. Belgirare. Italy 

Munro, I.C. 1979 Sc;entific Evaluation of BenefiWRisn Assessments in Food Safety. Presented at the 
29th Annual Meeting of the Institute of Food Technologists. June 10-13 SI. Louis, Missoun 

Munro, 1.12. 1978 Compilation of Uniiec Stares and Canadian Legislation Pertaining to Environmental 
Safety Prepared for the International Commission for Protection Against Environmental Mutagens and 
Carunogens 

Munro, I.C. 1978 Chapter on AD1 Concept Prepared for the Safe Dnnking Water Commitlee. National 
Academy of Scmces 

Munro, I.C. 1978 Detecting and Measuring Carunogens Presented at the Law and Public Affairs 
Seminar on Government Regulat,on of Cancer-Caus ng Chemicals. December, Washington. DC 

Munro, I.C. 1978. Environmental Contaminants and Food Safety Presented at the XI  International 
Congress of Nutntion Conference, September, Rio de Janiero, Braz,l 

Munro. I.C. 1978 Reproductive Toxicity and tne Problems of In Utero Exposure. Presented at the 
Internal onal Symposium on Chemical Toxicology of Food. June, Milan. Italy 
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Munro, I.C. 1978. Environmental Contaminants Presented at the Symposium on Principal Hazards in 
Food Safety and Their Assessment, FASEB Annual Meeting. April. Atlantic City, New Jersey. 

Munro, I.C. 1977. Regulatory Applications of Short-Term Tests for Carcinogenicity Presented at the 
Gordon Research Conference, August, Meriden. New Hampshire 

Munro, IC. 1977 Overview - Dose Selection. Presented at the Toxicology Forum Meeting, July, Aspen, 
Colorado. 

Munro, I.C. 1977 The Importance of Specifications for Substances in Their Safety Evaluation in Foods 
Prepared for the SuenMic Committee of the Food Safety Council 

Munro, I.C. 1977 Wwking Papers for 34 Food Colors. Prepared for Joint FAOWHO Expert 
Committee, Geneva 

Charbonneau, S.M., Munro, I.C., and Nea, E. 1977. Chronic Toxicity of Methylmercury in the Adult 
Cat Proc. X Symposium on Trace Substances in Environmental Health, Columbia, Missouri 

Munro, I.C. 1976. Considerations in Chronic Toxicity Testing: The Chemical, The Dose, The Design 
Presented at the Status of Predictive Tools in Application to Safety Evaluation Conference, November 
Little Rock, Arkansas. 

Munro, I.C. 1975. Working Paper on Nitrates, Nitrites and Nitrosamines. Prepared forthe World Health 
Organuation 

Grice, H.C., DaSlhra, Stoltz, D.R., Munm, I.C., Clegg, D.J., and Abbatt, J.D. Testing of Chemicals for 
Carclnogeniclty. Mutagenicity. Teratogenicity 

Munro, I.C. 1974. Chemicals that Cause Food Poisoning Proc. of Symposium on Food Poisoning and 
its Significance in the Food Service industty. Department of National Health and Welfare 

Stavrlc, B, Lacombe, R., Munm, IC., and Grice, H.C. 1973. Studies on Chemical Impurities in 
Commercial Saccharin (Interim Repod). Submitted to NRC Committee on Artificial Sweeteners of the 
National Academy of Suences of the United States 

Munro, I.C., Moodie. C.A.. and Grice, H.C. 1973. An Evaluation of the Carcinogeniuty of Commercial 
Saccharin. Submitted to NRC Committee on Artificial Sweeteners of the national Academy of Sciences of 
the United States 

Munro, IC., Charbonneau, S.M., and McKinley, W.P. 1973 Studies on the Toxicity of Methylmercury 
Commission of the European Communities. Luxembourg 

Grice, H.C., DaSilva, T.,Stoltz, D.R, Munro, IC., Clegg, D.J., and Abatt, J.D. 1973 Testing of 
Chemicals, Mutagenicity and Teratogenicity Deparbnent of National Health and Welfare 

Munro, IC., Hasnaln, S.. Salem, F.A., Goodman, T., Grice, H.C., and Heggtveit, H.A. 1972 
Carciotoxicity of Brominated Vegetable Oils. Myocardiology Volume I Recent Advances in Studies on 
Cardiac Structure and Function. p 588. 
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PROFESSIONAL. EXPERIENCE: 
University of Chicago Medical School 

Research Assistant, Univ. of Chicago Toxicity Laboratory, 1946-1950 
Research Associate, US Air Force Radiation Laboratory and Univ. of 

Assistant Director, US Air Force Radiation Laboratory & Univ. of 

Assistant Professor, Department of Pharmacology, 1956-1957 
Associate Professor, Department of Pharmacology, 1957-1967 

Professor of Pharmacology and Toxicology, Department of Pharmacology, 

Chicago Toxicity Laboratory, 1951-1953 

Chicago Toxicity Laboratory, 1954-1967 

University of Kansas Medical Center 

Toxicology and Therapeutics, 1967-1994 
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Co-Director Clinical Pharmacology Toxicology Center, 1967-1978 
Director, Wniv. of Kansas Medical Center Safety Office, 1978-1985 
Director, Center for Environmental and Occupational Health, 1986-1989 
Professor Emeritus of Pharmacology and Toxicology, Department of 
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Pharmacology, Toxicology and Therapeutics 1995- 

PROFESSIONAL SOCIETY MEMBERSHIPS: 

Kansas City Regional Chapter, 1967-1996 
American Chemical Society, 1949-1996 

American Industrial Hygiene Association, 1950-1996 
Radiation Research Society, 1953-1980 
American Society for Pharmacology & Experimental Therapeutics, 1953-1996 

Environmental Pharmacology Committee, 1975-1978 
Society for Experimental Biology and Medicine, 1954-1995 
New York Academy of Sciences, 1954-1975 
American Ass. for the Advancement of Science, 1954- (Fellow, 195%) 
Society of Toxicology (Charter Member), 1961- 

Technical Committee, 1967-1968 
Education Committee, 1974-1976 
Membership Requirement Revision Committee, 1975-1976 
Biomed Research Oversight Committee, 1977-1978 
Central States Regional Chapter, 1986- 
Program committee (Chairman), 1985-1986 
Finance Committee, 1986-1987 
Awards Committee (Chairman), 1987-1988 
Nominating Committee (Chairman), 1988-1989 
Council Member, 1981-1988 
Vice President Elect, 1984-1985 
Vice President, 1985-1986 
President, 1986-1987 
Past-President, 1987-1988 
Toxicology Education Foundation (Trustee, President) 1997-1999 

American Academy of Clinical Toxicology, 1970-1996 
Board of Trustees, 1972-1977 

Canadian Academy of Clinical Toxicology, 1976-1989 
Program Committee, 1976-1977 

The Toxicology Forum, 1979-1998 
Board of Directors, 1981-1982 
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American Board of Toxicology, 1979-1983 
Chairman Examination Committee, 1979-1982 
Vice President, 1981-1982 
President, 1982-1983 

Kansas Regional Section, 1983-1995 

Chairman, TLV Committee, 1989-1997 

American Water Works Association, 1983-1995 

American Conference of Governmental Industrial Hygienists, 1989- 

The Academy of Toxicological Sciences (Fellow), 1999 

EDITORlAL BOARDS: 
Toxicology and Applied Pharmacology, 1970-1982 
Forum for the Advancement of Toxicology, 1973-1983 
AACTION (American Academy of Clinical Toxicology), 1974-1977 
Environmental Health Sciences, 1976-1989 
Archives Internationales de Pharrnacodynamie et de Therapie, 1976-1989 
Journal of Environmental Pathology and Toxicology, 1977-1989 
Hcalth & Environment Digest, 1987-1997 
Toxicological Reviews 2003- 
Therapeutics and Clinical Risk Management 2004- 

CONSULTANTSHIPS 
Walter Reed Army Institute for Research, 1960-1963 

Radiation Protection Panel, 1962-1963 
Atomic Defense Support Agency, Group N-3,1961-1962 

White House Evaluation Study (Woolridge Report), 1962-1963 
NIH Special Grants Program Advisory Panel, 1962 
NIH Toxicology Study Section, 1965-1970 
HEW Secretary’s Commission on Pesticides (Mrak Report), 1968-1969 

Midwest Research Institute, 1969-1990 
Institute for Clinical Toxicology, Houston, Texas, 1969-1973 
National Academy of Sciences, National Research Council 

Toxicology Information Program (Chairman), 1970-1975 
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